Boc-Xxx-Deg-Xxx-Deg-OMe (Xxx = Gly, GD4; Leu, LD4 and Pro, PD4) have been investigated by NMR. In the Gly and Leu peptides, NOE data suggest that the local conformations at the Deg residues are fully extended. Low temperature coef®cients for the Deg (2) and Deg(4) NH groups are consistent with their inaccessibility to solvent, in a C 5 The incorporation of C a -tetrasubstituted a-amino acids into peptides introduces local backbone stereochemical constraints which are useful in designing predetermined backbone conformations. The a-aminoisobutyryl (Aib) residue has been widely used in the design of b-turn and helical conformations (1±3). In the case of the higher homologs of Aib like a,a-diethylglycine (Deg), a,a-dipropylglycine (Dpg), both fully extended (C 5 ) and folded helical conformations have been characterized in crystal structures (4±15). Theoretical calculations suggest that for the higher dialkyl glycines the minima in the C 5 and the helical region are of comparable energy. A pronounced bond angle dependence of the backbone conformation has been suggested by both molecular mechanics (16) and molecular dynamics calculations (17) . Local sequence and the environmental factors may play a major role in determining the nature of the conformations adopted at the Dxg residues. As part of a program to probe the context-dependent conformation of Dxg residues, we have investigated short peptides with Deg incorporated at alternate positions. In this report we describe the conformational analysis of three tetrapeptides Boc-XxxDeg-Xxx-Deg-OMe (Xxx = Gly, GD4; Leu, LD4 and Pro, PD4). Alternating sequences were chosen to facilitate comparison of the effect of the xxx residue on Deg conformation and also to explore chain length effects. In the present study, attention is focussed primarily on Deg at position 2, since the C-terminus residue is in a conformationally irrelevant position in the tetrapeptide. While the Deg conformations in the Gly and Leu peptides appear to be largely extended in solutions, in the case of the Pro containing sequence, folded conformations appear to be populated. A crystal structure of GD4 reveals a hydrated multiple b-turn conformation, with both Deg residues adopting local helical conformations.
Experimental Procedures
Diethylglycine and derivatives were prepared following procedures described earlier (18) . All peptides were synthesized by conventional solution phase procedures, using dicyclohexylcarbodiimide-1-hydroxy benzotriazole mediated couplings, puri®ed by medium pressure liquid chromatography on a reverse phase C 18 (40±60m) column and checked for homogeneity by HPLC (C 18 column, 5m) (17). 
NMR studies
All NMR studies were carried out on a Bruker AMX-400
spectrometer. Peptide concentrations were in the range of 7±8 mm and the probe temperature was maintained at 298 K.
Resonance assignments were done using two dimensional ROESY spectra. 2D data was collected in phase sensitive mode using the time proportional phase incrementation method. A total of 512 data points with 64 transients were collected. Spectral widths were in the range of 4500 Hz with a spin lock time of 300 ms. Zero ®lling was done to yield data sets of 1 K 3 1 K using square sine bell window.
Circular dichroism
Circular dichroism studies were carried out on a JASCO 500 spectrometer. A quartz cuvette of 1 mm path length was used for all the experiments. Sample concentrations for the CD experiments were in the range of 1.6±2.4 mm.
X-ray studies
Crystals of Boc-Gly-Deg-Gly-Deg-OMe were grown from MeOH/H 2 O by slow evaporation. X-ray diffraction data were collected on a Siemens R3m/V diffractometer (19) with MoKa radiation. Re®ned unit cell parameters were determined by a least squares ®t of the angular setting of 25 accurately determined re¯ections in the range of 2h # 258.
Three dimensional intensity data were collected up to 2h = 458 using the v ± 2h scan mode. Two standard re¯ections were monitored during every 98 intensity measurements.
The intensity decay was less than 1%. The structure was solved by SHELXS-86 (20) and re®ned isotropically and anisotropically using SHELXL-93 (21) . Full matrix least squares re®nement was carried out for all the non-hydrogen atoms. All the hydrogen atoms were geometrically ®xed and included as riding atoms and the temperature factor for these were assigned as the isotropic equivalent temperature factor of the corresponding non-hydrogen atom to which these were attached. All these hydrogens were included for the structure factor calculation. The function minimized was S w(|Fo| 2 ± |Fc| 2 ) 2 .
For 891 (I $ 3 s (I)) re¯ections the R-value is 7.3%. An
R-value of 10.3% was obtained using 1270 re¯ections (I $ 2 s (I)). Coordinates are deposited in the Cambridge
Crystallographic Data Center. The torsional angles and hydrogen bonds are listed in Tables 1 and 2 , respectively.
Results and Discussion

NMR studies
Assignments of all backbone protons in the peptides GD4, LD4 and PD4 were readily accomplished at 400 MHz in peptides, since Deg(2) would be expected to be exposed.
The possible involvement of peptide NH groups in intramolecular hydrogen bonds was also probed in DMSO using temperature coef®cient chemical shifts (dd/dt) summarized in Table 3 . Once again in GD4 and LD4 the Deg (2) and Deg(4) NH groups exhibit much lower dd/dt values than Gly/Leu NH groups. This suggests that in the strongly solvating medium the proline-containing peptide also adopts a fully extended conformation at Deg(2) and Deg(4). Differences in the conformational behavior of peptides LD4 and PD4 are also evident in methanol, where dramatically different CD spectra are obtained (Fig. 4) . While the CD spectrum of LD4 is characteristic of extended or unordered peptide structures PD4 exhibits distinct minima at nearly 230 nm and 210 nm suggestive of b-turn conformations (26).
Crystal structure of GD4 Figure 5 shows the molecular conformation in crystals. The backbone torsion angles are summarized in Table 1 and hydrogen bond parameters in Table 2 . Figure 6 shows the Table 3 . NMR parameters for peptides Boc-Xxx-Deg-Xxx-Deg-OMe (Xxx = Gly, Leu, Pro) view of the molecular packing in crystal down the`x' axis.
Inspection of the torsion angles in Table 1 respectively. Table 4 compares the observed bond angles at Deg residues reported so far in peptide crystal structures.
The relationship between bond angle and local backbone conformation was ®rst noted in the conformational energy calculations for Dxg residues and has also been experimentally observed in crystal structures of Dpg-containing peptides (4). In the case of Deg residues relatively few crystal structures have been reported so far.
Conclusions
The present study reveals that the peptide GD4 adopts distinctly different conformations in solution and in crystals. Extended conformations at Deg appear to predominate in solution, while in crystals both Deg residues adopt local helical conformations. This observation once again emphasizes the fact that the two conformational energy minima are characterized by comparable energies and that environmental effects play a major role in determining the precise structure.
